Synaptic plasticity, widely considered the cellular basis for learning and memory, is mediated in the hippocampus largely by changes in the number of AMPA-type glutamate receptors (AMPARs) on individual "spines" protruding from the dendritic plasma membrane (Malenka and Bear, 2004) . Each spine mediates a distinct synaptic input, and under physiological conditions, plasticity occurs selectively at some synapses but not others. How do neurons modify the number of AMPARs selectively on individual spines?
In a recent issue of Neuron, Lu et al. (2007) provide an important clue based on their studies of AMPAR endocytosis. Clathrin-dependent endocytosis of AMPARs is stimulated by synaptic activity and occurs primarily in regions of the plasma membrane termed postsynaptic endocytic zones (EZs). EZs are localized in the spine adjacent to a dense network of scaffold proteins called the postsynaptic density (PSD) (Figure 1) . Lu et al. hypothesized that Homer-a protein that is highly expressed in neurons and binds to both the PSD-embedded protein Shank and the endocytic protein dynamin-3 (Gray et al., 2003; Tu et al., 1999) -could be the lynchpin in a series of interactions that physically links the EZ to the PSD. To test this hypothesis, they inhibited the interaction of Homer with either Shank or dynamin-3 in cultured neurons by overexpressing mutant versions of dynamin-3 or Shank that could not bind to Homer and then used fluorescence microscopy to examine effects on the localization of EZs. Consistent with their hypothesis, EZs became mislocalized away from synapses when interactions between dynamin-3 and Homer, or Homer and Shank, were disrupted. Furthermore, depleting endogenous dynamin-3 from hippocampal neurons using RNA interference also caused the mislocalization of EZs. In these neurons, expression of wild-type dynamin-3-but not dynamin-3 mutants lacking domains required for oligomerization or binding to Homer-rescued appropriate localization of EZs adjacent to the PSD.
These How could clathrin-coated pits localized to EZs selectively promote recycling of AMPARs to spines? One possibility is that coated pits formed at the EZ are functionally different from those formed elsewhere on the neuron and selectively direct endocytosed receptors to a recycling pathway. This pathway is perhaps analogous to a subset of coated pits that have been described in nonneural cells, which contain distinct membrane cargo that can be delivered to endosomes that differ in their ability to recycle (Lakadamyali et al., 2006; Puthenveedu and von Zastrow, 2006) . Another possibility is that endocytosis of AMPARs from EZs generates endocytic vesicles that preferentially fuse with spine-localized recycling endosomes, perhaps simply as a consequence of local proximity, whereas endocytic vesicles generated elsewhere in the dendrite tend to fuse with endosomes that promote recycling less efficiently. The authors favor the latter hypothesis, proposing that the spatial localization of EZs adjacent to the PSD establishes an isolated endocytic pathway mediating AMPAR cycling that is restricted to a single spine. This is an attractive idea, particularly in view of the synapsespecific nature of plasticity observed physiologically, but it remains to be tested directly. Although components of both the recycling and biosynthetic pathways have been localized close to and within spines, potentially consistent with the occurrence of spine-restricted trafficking, there is also evidence that shared trafficking machinery may serve multiple spines (Cooney et al., 2002 ).
An important next question, therefore, is whether AMPARs endocytosed from EZs are locally reinserted directly into the adjacent spine or PSD, or whether AMPAR trafficking to the spine involves longer-range lateral movement following more distant exocytic insertion. Endocytic events persist visibly as maturing coated pits for seconds to minutes before the endocytic vesicle pinches off, making the location of AMPAR endocytosis relatively straightforward to determine using conventional imaging methods. Exocytic events mediating receptor insertion into the plasma membrane are much more fleeting, typically occurring within milliseconds, presenting fundamental challenges of both spatial and temporal resolution that are only now becoming surmountable (Yudowski et al., 2006) .
The current discussion of local versus long-range endocytic trafficking of postsynaptic AMPARs is reminiscent of that regarding endocytic trafficking of synaptic vesicle membrane proteins at the presynaptic terminal (Heuser and Reese, 1973) . Several components of the synaptic vesicle membrane, previously thought to cycle locally with little sharing or exchange between adjacent presynaptic terminals (Murthy and Stevens, 1998) , now appear capable of rapid exchange (Fernandez-Alfonso et al., 2006 A multimeric protein complex involving the protein Homer links dynamin-3 in the endocytic zone (EZ) to Shank, a protein associated with the postsynaptic density (PSD). These interactions keep the EZ adjacent to the PSD in the spine and allow AMPA receptors (AMPARs) released from the PSD to be internalized before they leave the spine. This local endocytosis ensures that AMPARs are efficiently recycled back to the same spine (solid arrows). In the absence of an adjacent EZ, AMPARs released from the PSD diffuse out of the spine (dashed arrow). Although they might be endocytosed and recycled from more remote locations, receptor diffusion would make their retrieval to the spine less efficient.
